PI^X WORLD INTELLEGTUAL PROPERTY ORGANIZATION 

International Bureau 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



GOIN 21/15, 21/03 



Publication Number: WO 99/02969 

e; 21 Januaiy 1999 (21j01.99) 



(21) Liternatioiial AppUcaflon Number: PCTAJS98/12237 

(22) International FlUng Date; 18 June 1998 (18.06.98) 



10 July 1997 (10.07.97) 



GEORGES CLAUDE fFR/TR]; 75. quai d'Oisay, F-75321 
Paris Cedex 07 (FR). AMERICAN AIR UQUIDB, INC. 
[US/US]; Suite 350, 2121 N. California Boiilevaid, Walnut 
Creek. CA 94596-8038 (US). 

(72) Inventors: INMAN, Ronald, S.; 8714 W. 45lii Place, Lyons. 
IL 60534 (US). McANDREW. James. J., P.; 15425 Purley 
Court, Lockport, IL 60441 (US). 

(74) Agents: GESS, Joseph. E. et al.; Bums, Doane, Swedcer & 
Madiis, LXP., P.O. Box 1404. Alexandria, VA 22313-1404 
(US). 



(54) Title: IN-LINE CELL FOR ABSORPTION SPECTROSCOPY 



d States: AL, AM. AT, AU, AZ, BA. BB, BG, BR, 
BY, CA, CH, CN. CU, CZ, DE, DK, EE. ES, FI, GB. GE, 
GH. GM, GW. HU, ID, IL, IS, IP. KE. KG, KP, KR, KZ, 
LC, LK. LR, LS, LT, LU, LV, MD, MG, MK, MN. MW. 
MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ. 
TM, TR. TT. UA, UG, UZ, VN, YU, ZW, ARIPO patent 
(GH, GM, KE, LS. MW, SD, SZ, UG. ZW). Eurasian patent 
(AM. AZ. BY. KG, KZ, MD, RU, TJ, TM). European patMit 
(AT, BE, CH, CY, DE. DK. BS, PI, PR, GB, GR, IE, IT, 
LU, MC, NL, PT, SE). OAPI patent (BP, BJ, CP, CG, CI, 
CM, GA. ON, ML. MR. NE, SN. TD. TO). 



Publislied 

With international search report 



At_. 





200 "lT\ 

) T / 7 1 


1 212 






202 







210 208 




(57) Abstract 

Provided is a novel in-line cell useful in absorption spectroscopy. The cell includes a sample region, a light entry port and a light 
exit port being the same or separate ports. Each port is in communication with the sample region and contains a light transmissive window. 
A mirror having a ligjit reflective surfoce faces the sample region, and a heater effective to heat the light reflective surface is provided. The 
cell can be used to determine the concentration of molecular gas impurities in a sample. Particular applicabili^ is found in semiconductor 
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backCtROUNP QF TPg INVEm^ON 

1. Field of the Invention 

The present invention relates to a novel in-line cell useful in absorption 
spectroscopy. The present invention also relates to a system for performing an 
absorption spectroscopy measurement in a sanq>le and to a semiconductor processing 
apparatus which comprise the novel in-line cell. 

2. Description of the Related Art 

Semiconductor integrated circuits (ICs) are manufactured by a series of 
processes, many of which involve the use of gaseous materials. Included among such 
processes are etching, diffusion, chemical vapor deposition (CVD), ion implantation, 
sputtering and rapid thermal processing. 

Many of the gases used in these processes are highly reactive and tend to form 
deposits on surfaces with which they come into contact. When an in-line spectroscopic 
sensor is used to monitor a process in such aggressive atmospheres, deposits from the 
process gases tend to form on various surfaces of the sensor. As a result, sensor 
performance tends to deteriorate. 

The sensitivity of detection of gas phase molecular species by absorption 
spectroscopy increases as the length of the light path through the sample increases, for 
constant pressure and concentration. The intensity of light reaching the detector is 
given by Beer's Law as follows: 



I = 1 



where I^ is the intensity of the incident radiation, a is the absorptivity, 1 is the 
pathlength through the sample, c is the concentration of the impurity in the sample (by 
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voiume), and P is the total pressure of the sample. For small absoiptions, the amount 
of light absorbed is given by 

I - lo = alcP 

In order to make 1 large, it is frequently unpractical to place the light source and 
detector very far apart and so "folded" light paths are often used, in which mirrors 
reflect the light back and forth tiirough the sample gas many times. 

The Herriott design is often preferred for tunable diode laser absorption 
spectroscopy (TDLAS). As shown in FIG. 1, the Herriott cell 100 uses two curved 
mirrors 102 mounted at opposite ends of a usually cylindrical gas sample cell 104. 
Simple multi-pass arrangements are often used, such as described in U.S. Patent No. 
3.524,066, to Blakkan, and U.S. Patent No. 5,173,749, to Tell et al, the contents of 
which are herein incorporated by reference. A planar polygonal multipass cell is 
described by the present inventors in copending application Serial No. 08/711,504, 
filed September 10, 1996, the contents of which are herein incorporated by reference. 

In the multipass cells described above, deposits formed on the reflective 
surfaces of the mirrors can reduce their reflectivity and hence the light intensity which 
reaches the detector after multiple reflections of the light beam. This reduction in light 
intensity reduces the measurement sensitivity and may eventually lead to a condition in 
which the sensor does not function at all. 

Deposits on the mirrors can be removed by disassembling the sensor and 
mechanically cleaning the mirror(s). Such maintenance, however, is inconvenient and 
expensive. Avoidance thereof is, therefore, desirable. 

To meet the requirements of the semiconductor processing industry and to 
overcome the disadvantages of the related art, it is an object of the present invention to 
provide a novel in-line cell useful in absorption spectroscopy. The in-line cell allows 
for accurate, in-situ absorption spectroscopy measurements which can be used, for 
example, to accurately and sensitively measure the concentration of gas phase 
molecular impurities in a sample. The problems associated with the formation of 
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dq)osits on reflective surfaces of mirrors witMn the measurement cell are avoided or 
conspicuously ameliorated by the inventive cell. 

It is a further object of the present invention to provide an absorption 
spectroscopy system which includes the mventive in-line cell. 

It is further an object of the present invention to provide a semiconductor 
processing apparatus which includes the absorption spectroscopy system for performing 
in-situ measurements. 

Other objects and aspects of the present invention will become apparent to one 
of ordinary skill in the sat on a review of the specification, drawings and claims 
appended hereto, 

SUMMARY OF THE INVENTION 

According to a first aspect of the present invention, a novel in-line cell useful in 
absorption spectroscopy is provided. The in-line cell includes a sample region, a light 
entry port and a light exit port. The light entry port and light exit port can be the same 
or separate ports. Each port is in communication with the sanq}le region and contains 
a light transmissive window. A mirror having a light reflective surface faces the 
sample region, and a heater effective to heat the light reflective surface is provided. 

The in-line cell allows for accurate, in-situ absorption spectroscopy 
measurements which are useful, for example, to accurately and sensitively measure the 
concentration of gas phase molecular impurities, such as, e.g., methane, moisture 
(water vapor) and carbon dioxide, in a sample. In particular, the light reflective 
surfaces of the cell can be maintained in a deposit-free state. 

According to a further aspect of the invention, a system for performing an 
absorption spectroscopy measurement is provided. The system includes an in-line cell 
as described above with reference to the first aspect of the invention. The inventive 
system further comprises a light source for generating a light beam which passes 
through the light entry port into the cell, and a main detector for measuring the light 
beam exitmg the cell through the light exit port. 
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AccordiBg to a third aspect of the invention, a semiconductor processing 
apparatus is provided. The apparatus comprises a vacumn chamber in communication 
with a vacuum pump for evacuating the vacuum chamber, and the inventive absorption 
spectroscopy measurement system described above. 

BRIEF DBSCRIPTIQN OF THE PRAWmQS 
The objects and advantages of the invention will become apparent from the 

following detailed description of the preferred embodiments thereof in connection with 

the accompanying drawings, in which: 

FIG. 1 is a conventional absorption spectroscopy cell according to the Herriott 

design; 

FIGS. 2 A and 2B are top and side-sectional views of an in-line cell according to 
one aspect of the present invention; 

FIG. 3 is a top view of a light source/detector scheme in a system for 
performing an absorption spectroscopy measurement according to one aspect of the 
present invention; and 

FIG. 4 is a side sectional view of a semiconductor processing apparatus which 
includes a system for performing an absorption spectroscopy measurement m 
accordance with the invention. 

DETAILED DESCRIPTION OF THE PREFERRED 

EMBODIMENTS OF THE INVgNTION 
FIG. 2A illustrates a top sectional view of an exemplary in-line cell useful in 
absorption spectroscopy according to one aspect of the invention, and FIG. 2B shows a 
side-sectional view taken along line A-A of FIG. 2A. While the exemplary cell is of 
the Herriott type of multipass cell, it should be clear that the inventive concepts 
described hereinbelow are in no way limited thereto, and can readily be applied to 
other forms of cells. 

The in-line cell 200 includes a sample region 202, which is bounded by 
sidewalls 204, top wall 206 and bottom wall 208. Mirrors 210 are disposed at opposite 
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ends of the cell, and have light reflective surfaces facing the sample region. The light 
reflective surfaces are preferably a polished metal. As a high reflectivity of these 
surfaces is desirable, the surfaces can be coated with one or more layers of a reflective 
material such as gold, other metallic layers or a highly reflective dielectric coating, in 
order to enhance the reflectivity thereof. 

The cell further includes a light entry and exit port 212 for allowing a light 
beam to pass into the cell and to pass out of the cell. While the exemplary embodiment 
shows a single port through which the light beam enters and exits the cell, a plural port 
structure is also envisioned. Thus, the light beam can enter and exit the cell through 
the same or different ports in the cell, and can enter and/or exit the cell through plural 
light entry or light exit ports. Further, the ports can be disposed on the same side or 
different sides of the cell. 

The entry /exit port 212 contains a light transmfesive window 214 which allows 
the light beam to pass into and out of the sample region. Suitable light transmissive 
materials for the window are known and include, for example, aluminum oxide, quartz 
and magnesium fluoride. The mirrors 210 and light transmissive window 214 seal the 
cell in a substantially auiight manner. This makes possible the measurement of gas 
samples at low pressures, i.e., at vacuum conditions, thereby allowing for in-situ 
measurements in vacuum processing tools such as used in the senaiconductor 
manufacturing industry. 

As shown in the exemplified cell, light entry and exit port 212 and light 
transmissive window 214 can be incorporated into the mirror. With such a structure, 
the size of the cell can be minimized. Of coiurse, a window which is distinct from the 
entry and/or exit port can be provided. 

Light transmissive window 214 can additionally be provided with a coating 
layer on a surface opposite the surface facing the sample region for reflecting a portion 
of the light beam. Subtracting the signal due to the reflected portion of the beam from 
that of the transmitted portion can result in more accurate absorption measurements 
than otherwise possible. Among the commercially available coating materials, metallic 
coatings are preferred. 
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As shown in the exemplified embodiment, light transmissive window 214 can 
be offiset at an angle from perpendicular relative to the incoming light beam, with the 
Brewster angle being preferred. By oflfeetting the window in this manner, coherent 
interference caused by the reflected portion of the beam can be avoided. As a result, 
measurement of greater accuracy can be obtained. 

Such an offset can further serve the same purpose as that served by the optional 
coating layer described above. That is, the reflected portion of the beam can be used 
to obtain a more accurate measurement by subtracting out the signal due to background 
noise. 

The exemplified in-line cell further includes a sample inlet port 216 and flange 
218 for connection to a source for the sample to be measured. Inlet port 216 can 
advantageously be connected to an exhaust line from a semiconductor processing tool 
in order to perform in-situ measurements, for example, to determine concentrations of 
molecular gas species in the tool exhaust. 

The gas sample passes through the cell from inlet port 216 into sample region 
202 and but of the ceil through exhaust port 218. The exhaust port can be connected to 
a suitable vacuum pump. The connection with the pump can be made using flange 220 
and flexible hose 222. 

To minimize the adverse effects an absorption signal caused by deposits formed 
on the light reflective surfaces, one or more heaters 224 for heating the light reflective 
surfaces of the mirrors are provided. The heater should be capable of raising the 
mirror's light reflective surface to a temperature of from about 50 to 150°C, preferably 
from about 70 to 100°C, although optimal temperamres are process dependent. 

Suitable heaters include, but are not limited to, resistance-type heaters, self- 
regulating-type heaters such as heat trace, heating lamps, mductive heaters and liquid 
or gaseous heating fluids which optionally can be circulated. 

The cell is constructed in such a fashion that the mirrors can be maintained at a 
temperature higher than that of nearby surfaces in the cell which are exposed to the 
atmosphere to be analyzed. Since the deposits tend to form on lower temperature 
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surfaces, deposits can be effectively prevented from forming on the heated mirror 
surface facing the sample region. 

Heating of the mirrors as described above should be contrasted with the 
situation in which the entire cell is heated. In such a case, heat transfer from the body 
of the cell to the mirrors is not facilitated. Consequently, the mirrors would tend to be 
at a lower temperamre than the walls of the cell, resulting in deposits being 
concentrated on the mirrors. 

A particularly advantageous way to achieve the objectives of the invention is by 
the integration of the one or more mirrors into one or more walls of the cell, with the 
heater(s) being disposed outside of the cell. This allows heat to be directly applied to 
the back-smrface of the mirror. In this manner, it is possible to attain the objective of 
maintaining the mirror surface at a higher temperamre than other surfaces in the cell, 
while at the same time, isolating the heater from the aggressive environment in the 
sample region. This is especially desirable since placement of the heater directly in the 
sample region would result in corrosion or other damage to the heater. 

In the exemplified cell, mirrors 210 are integrated into the end flanges of the 
cell. The mirrors can be fixed in place by known methods, such as welding, to ensure 
a substantially air-tight seal. Integration of the mirrors into the walls of the cell is not, 
however, limited to the exemplified method. 

The mirror itself, or any mirror mount which provides sufficient heat 
conduction and makes good thermal contact with the mirror, can be brought into direct 
physical (and thermal) contact with a heating element or, as in the case with lamp-type 
heaters, into direct thermal contact with the heating element located outside the cell. 
Generally, as long as the thermal resistance of the path from the heater to the mirror 
surface is less than the thermal resistance from the heat path to other surfaces inside the 
sample cell (or any nearby region), then the desired results can be achieved. 

In addition to the above-described mirror heaters, a purge gas flow can 
optionally be introduced into the cell to further prevent the accumulation of deposits on 
the light reflective surfaces. Suitable purge gases include an inert gas, such as 
nitrogen, argon or helium. If the purge gas is heated, it can serve the purpose of the 
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mirror heater described above. Preferably, such heated gas is localized on the light 
reflective surface. Therefore, such a heated purge gas stream can be used by itself or 
together with other types of heaters such as described above, to effectively prevent 
deposits on the light reflector surfaces. For an unheated purge gas stream, it is 
preferable to localize the flow of the gas in the vicinity of the light reflective surface. 
By minimizing flow of the purge gas, the need for retrofitting vacuum systems with 
larger capacity pumps will be eliminated. 

In addition to the heating of the mirrors, the light transmissive windows can 
optionally be heated. In the exemplified cell, light transmissive window 214 can be 
heated using the same heater or a heater independent of that used to heat the mirror. 
Furthermore, a purge gas stream as described above with reference to the light 
reflective surface, can also be applied to the light transmissive window. By use of such 
a structure, deposits can be further prevented from forming on the windows. 

Although the exemplified in-line cell is of a Herriott design, the inventive 
concepts can readily be applied to other types of in-line cells. For example, the 
inventive concepts can be applied to polygonal multipass cells or to any form of cell 
which is amenable to the above conditions with respect to the mirror and heater 
strucmres. 

The in-line cell should be constructed of materials which are compatible with 
the atmospheres being contained therein. Such materials are within the knowledge of 
persons skilled in the art. For example, various forms of stainless steel can be used for 
cell surfaces which contact the sample being measured. 

While the inventive cell can be used for any absorption spectroscopy technique, 
it is preferably used in tunable diode laser absorption spectroscopy (TOLAS). With 
reference to FIG. 3, such a system includes, in addition to the in-line cell as described 
above with reference to FIGS. 2A and 2B, a light source 302, preferably a diode laser, 
for generating a light beam which is directed through the light transmissive window 
304 into the sample region of the cell. To measure the light beam which exits the cell 
through the light transmissive window, the system farther includes a main detector 
306, which can be, for example, a photodiode. 
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Any molecular impurity of interest can be detected, subject only to the 
availability of a suitable light source. For example, water vapor, nitric oxide, carbon 
monoxide and methane or other hydrocarbons can be detected by measuring the 
attenuation of light from a diode laser source which emits light of a wavelength 
5 characteristic of the mqjurily. Laser light sources which emit light m spectral 

regions where the molecules of interest absorb most strongly lead to improvements in 
measurement sensitivity. In particular, light sources which emit at wavelengths longer 
than about 2ixm are preferred, since many of the molecular impurities of interest have 
strong absorption bands in this region. 

10 Any suitable wavelength-tunable light source can be used. Of the currently 

available light sources, diode laser light sources are preferred because of their narrow 
linewidth (less than about lO'^cm ') and relatively high intensity (about 0.1 to several 
milliwatts) at the emission wavelength. 

Examples of diode lasers include Pb-salt and Ga As-type diode lasers. The Pb- 

15 salt-type laser requires cryogenic temperatures for operation and emits infrared light 

{i.e. , wavelei^th greater than SfJtm), while the GaAs-type diode laser can operate at 
close to room temperature and emits in the near infrared region (0.8-2/4m). 

Recently, diode lasers which include Sb in addition to GaAs (or other pairs of 
III-V compounds such as AsP) have been described (see, "Mid-infrared wavelengths 

20 enhance trace gas sensing," R. Martinelli, Laser Focus World, March 1996, p. 77), 

These diodes emit light of a wavelength greater than 2fim while operating at -87.8° C. 
While such a low temperature is not convenient, it compares favorably with the 
cryogenic temperatures (less than -HCC) requured by Pb-salt lasers. 

Operation of similar lasers at 4 fxm and 12° C has also been reported (see, 

25 Lasers and Optronics, March 1996). Diode lasers of the above described type will 

most preferably operate at temperamres of at least -40°C. Use of a thermoelectric 
cooler for temperamre control at such temperatures makes these light sources less 
complicated than the lower temperamre diode systems. 

To make use of these lasers more desirable, improvement in the optical 

30 properties over current levels is important. For example, single mode diodes (i.e. , 
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diodes whose emission at fixed temperature and drive current is at a single wavelength 
with emission at other wavelengths at least 40 dB less intense) should be available. 

Suitable light sources for use in the invention are not limited to the above 
described diode lasers. For example, other types of lasers which are similarly sized 
and tunable by simple electrical means, such as fiber lasers and quantum cascade 
lasers, are envisioned. The use of such lasers as they become commercially available 
is envisioned. 

The system can further include at least one mirror 308 for reflecting the light 
beam 310 from the light source 302 through the light transmissive window into the 
cell, and at least one additional muror 312, 314 for reflecting the light beam exiting the 
cell to the main detector. 

The mirror 308 is preferably curved in order to coUimate the light beam as the 
light from the diode laser source is divergent. Likewise, mirror 314 is preferably 
curved in order to focus the parallel light beam on the main detector. 

A second detector 316, which can also be a photodiode, for measuring a portion 
of the light beam 318 which is reflected from the light transmissive window 304 as 
well as means for subtracting this reference signal from a measurement obtained by the 
main detector can optionally be provided in the system. An operational amplifier in a 
configuration such as described in the literamre (See, e.g., Moore, J.H. et al "Building 
Scientific Apparatus", Addison Wesley, London, 1983) can act as the means for 
subtracting the reference signal. 

The reflected light does not show any absorption by the molecules of interest in 
the sample region, and therefore provides a reference signal. By subtracting the 
reference signal from that of the light which passes through the cell (which is measured 
by the main detector), variations in the light source can be compensated for. This also 
allows for enhanced sensitivity to signal changes due to molecules in the system 
chamber 320. 

While "dual beam" techniques using subtraction of a reference beam are well- 
known they usually require a dedicated beam-splitter, i.e., an optical element whose 
only function is to divide the light beam. According to the present invention, the 
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entrance window to the chamber can provide this function without the need for any 
additional components. The ratio of transmitted to reflected light at this window can 
be controlled by use of an appropriate coating for the window. 

The inventive system has particular applicability in detecting a molecular 
species in a gas exhausted from a vacuum chamber. In such a case, the cell can be 
disposed in a vacuum exhaust line between a vacuum chamber and a vacuum pump 
system. 

The system is compatible with a wide range of materials. For example, the 
vacuum chamber can contain certain reactive or nonreactive (inert) gas species which 
can be in a plasma- or non-plasma state. Examples of reactive gases which are 
compatible with the inventive system include SiH4, HCl and CI2 provided the moisture 
level is less than 1000 ppm. Any inert gas such as, e.g., Oj, Nj, Ar and H2 can be 
used in the inventive system. In the case of the inventive system's use in a plasma 
environment, the system is preferably mounted about 6 inches or more away from the 
plasma zone m order to minimize the formation of deposits on the windows and other 
cell siu:£aces. 

Because the detection system described above can be used in plasma or non- 
plasma atmospheres as well as with inert or reactive gases, the system is particularly 
well suited for use in monitoring gas phase molecular species, such as water vapor, in 
a semiconductor processing apparatus. Use of the detection system in conjunction with 
a semiconductor processing apparatus allows for real time in-sim monitoring of gas 
phase molecular impurities. 

The system can be readily adapted to virtually any semiconductor processing 
apparams which employs a vacuum system. Examples of such apparatuses include 
etching, diffusion, chemical vapor deposition (CVD), ion implantation, sputtering and 
rapid thermal processing apparatuses. 

FIG. 4 illustrates a semiconductor processing system 400 which comprises an 
m-line cell and system 401 for performing absorption spectroscopy measurements as 
described in detail above. The system further includes a vacuum chamber 402 inside 
which a semiconductor substrate 404 is disposed on a substrate holder 406, One or 
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more gas inlets 408 are provided for delivering a gas or plural gases to the vacuum 
chamber. 

The vacuum chamber is evacuated tlirough an exhaust opening 410 in the 
vacuum chamber. A portion of the total exhaust from the processing tool or the entire 
exhaust volume can be introduced into cell 411. A vacuum pump 412 for evacuating 
the vacuimi chamber is connected thereto, either directly or through a vacuum line. A 
pump exhaust line 414 can be coimected to the pump 412, which can be connected to 
another pump or to a gas scrubber (not shown). Examples of vacuum pumps which 
may be employed are mechanical rotary and booster pumps, diffusion pumps, 
cryogenic pumps, sorption pumps and turbomolecular pumps. 

Furthermore, while the vacuum pump and measurement system have been 
illustrated as being disposed below the vacuum chamber, those skilled m the art readily 
understand that other orientations are also possible. 

While the invention has been described in detail with reference to specific 
embodiments thereof, it will be apparent to one skilled in the art that various changes 
and modifications can be made, and equivalents employed, without departing from the 
scope of the appended claims. 
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WHAT IS CLAIMED IS : 

1. An in-line cell usefiil in absorption spectroscopy, comprising a sample 
region, a light entry port and a light exit port being the same or separate ports, each 
said port being in communication with the sample region and containing a light 
transmissive window, a mirror having a light reflective surface facing the sample 
region, and a heater effective to heat the light reflective surfoce of the mirror. 

2. The in-line cell according to claim 1, wherein the heater is disposed 
outside of the cell. 

3. The in-line cell according to claim I, wherein the heater is in direct 
contact with a back surface of the mirror. 

4. The in-line cell according to claim 1, wherein the thermal resistance of a 
path from the heater to the mirror is less than the thermal resistance of a path from the 
heater to other surfaces of the sample cell. 

5. The in-line cell according to claim 1, wherein the heater is a resistance- 
type heater. 

6. The in-line cell according to claim 1, wherein the cell is a multipass cell. 

7. The in-line cell accordmg to claim 1, further comprising a purge gas 
inlet effective to introduce a purge gas stream which contacts the mirror. 

8. The in-line cell according to claim 1, further comprising a heater for 
heating each light transmissive window. 
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9. The m-line cell according to claim 1, wherein the light transmissive 
window in the light entry port is offset from perpendicular with respect to an incoming 
light beam. 

10. The in-line cell according to claim 1, wherein the light reflective surface 
is integrated into a wall of the cell. 

11 . A system for performing an absorption spectroscopy measurement, 

comprising: 

a sample region, a light entry port and a light exit port being the same or 
separate ports, each said port being in communication with the sample region and 
containing a light transmissive window, a mirror having a light reflective sur^e 
facing the sample region, and a heater effective to heat the light reflective surface of 
the mirror, 

a light source for generating a light beam which passes through the light 
entry port into the cell, and a main detector for measuring the light beam exiting the 
cell through the light exit port. 

12. The system according to claun 11, wherein the heater is disposed outside 
of the cell. 

13. The system according to claim 11, wherein the heater is in direct contact 
with a back surface of the mirror. 

14. The system according to claim 11, wherein the thermal resistance of a 
path from the heater to the mirror is less than the thermal resistance of a path from the 
heater to other surfaces of the sample cell. 
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IS. The system according to claim 11, wherein the heater is selected from 
the group consisting of resistance-type heaters, self-regulating-type heaters, heating 
lamps, mductive heaters and a heating fluid. 

16. The system according to claim 11, further comprising a purge gas inlet 
effective to introduce a purge gas stream which contacts the mirror. 

17. The system according to claim 11, further comprising a heater for 
heating each light transmissive window. 

18. The in-line cell according to claim 11, wherein the light transmissive 
window in the light entry port is offset with respect to an incoming light beam from 
perpendicular. 

19. The system according to claim 11, wherein the cell is disposed between 
and in communication with a vacuum chamber and a vacuum pump. 

20. A semiconductor processing apparatus, comprising: 

a vacuum chamber in communication with a vacuum pump for 
evacuating the vacuum chamber, 

an in-line cell disposed between and in communication with the vacuum 
chamber and the vacuum pump, the cell comprising a sample region, a light entry port 
and a light exit port being the same or separate ports, each said port being in 
communication with the sample region and contaming a light transmissive window, a 
mirror having a light reflective surface facing the sample region, and a heater effective 
to heat the light reflective surface of the mirror 

a light source for dhrecting a light beam through the light entry port into 
the cell, and a main detector for measuring the light beam exiting the cell through the 
light exit port. 
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